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UNMANNED VEHICLE SIMULATION
SYSTEM

TECHNICAL FIELD OF THE DISCLOSURE

This disclosure generally relates to unmanned vehicles,
and more particularly, to an unmanned vehicle simulation
system and method of operating the same.

BACKGROUND OF THE DISCLOSURE

Unmanned vehicles generally refer to particular types of
vehicles that operate without the use of an onboard pilot or
driver. Types of unmanned vehicles may include aircraft that
fly through the air, ground vehicles that travel over the surface
of the Earth, or boats that move over the water. These
unmanned vehicles may provide benefit over manned
vehicles in that they may be used where direct human involve-
ment is not needed or desired, such as, for example, in mili-
tary confrontations, or other hazardous environments that
may not be suitable for human habitation.

SUMMARY OF THE DISCLOSURE

According to one embodiment, an unmanned vehicle simu-
lation system includes a simulator translator coupled between
an unmanned vehicle control system that is operable to con-
trol an unmanned vehicle and a vehicle simulator that is
operable to simulate operation of the unmanned vehicle. The
simulator translator is operable to receive a message from the
unmanned vehicle control system, translate the message to
another message suitable for use by the vehicle simulator, and
transmit the translated message to the vehicle simulator.

Some embodiments of the disclosure may provide numer-
ous technical advantages. Some embodiments may benefit
from some, none, or all of these advantages. For example, one
embodiment of the unmanned vehicle message simulation
system may alleviate costs associated with development of
simulation tools for unmanned vehicle control systems. The
unmanned vehicle simulation system uses a commercially
available off-the-shelf (COTS) vehicle simulator having
built-in vehicle models for simulating operation of various
types of unmanned vehicles with a relatively high degree of
accuracy. Use of the commercially available off-the-shelf
vehicle simulator alleviates the need for generation of vehicle
models and/or relatively complicated algorithms that use
these models to enable simulated operation of the unmanned
vehicle.

Other technical advantages may be readily ascertained by
one of ordinary skill in the art.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of embodiments of the
disclosure will be apparent from the detailed description
taken in conjunction with the accompanying drawings in
which:

FIG. 1 is a block diagram of one embodiment of an
unmanned vehicle simulation system according to the teach-
ings of the present disclosure;

FIG. 2 is a block diagram of another embodiment of an
unmanned vehicle control system; and

FIG. 3 is a flowchart showing several actions that may be
performed by the unmanned vehicle simulation system of
FIG.1or2.
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DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS

Control of an unmanned vehicle is typically provided by a
remotely configured unmanned vehicle control system that
communicates with the unmanned vehicle through a wireless
radio-frequency (RF) link. The unmanned vehicle control
system may be configured to simultaneously administer con-
trol of a number of unmanned vehicles. To promote interop-
erability among a number of differing types of unmanned
vehicles through a common user interface, a STANdardiza-
tion AGreement (STANAG) 4586 specification has been
implemented.

The STANdardization AGreement 4586 specification gen-
erally defines a protocol for communication of unmanned
vehicle control systems with various types of unmanned
vehicles. Each of these unmanned vehicles, however, may
have performance characteristics that differ from one another.
These differing performance characteristics may pose prob-
lems for implementation of new unmanned vehicles with
existing unmanned vehicle control systems.

To facilitate development of new unmanned vehicles for
use with existing unmanned vehicle control systems, simula-
tion tools have been developed. These known simulation
tools, however, may not accurately simulate the performance
characteristics of an actual unmanned vehicle to a sufficient
degree. In many cases, development costs for generation of
models that simulate the performance characteristics to a
sufficient degree may be cost prohibitive.

FIG. 1 shows one embodiment of an unmanned vehicle
simulation system 10 that may provide a solution to this
problem as well as other problems. Unmanned vehicle simu-
lation system 10 generally includes a simulator vehicle spe-
cific module 12 coupled between an unmanned vehicle con-
trol system 14 and a vehicle simulator 16. In this particular
embodiment, unmanned vehicle control system 14 is a core
unmanned aerial vehicle control system (CUCS) that com-
municates with the simulator vehicle specific module 12
using a STANdardization AGreement 4586 compliant proto-
col through user datagram protocol (UDP) network 18.
According to the teachings of the present disclosure, simula-
tor vehicle specific module 12 may include a simulator trans-
lator 20 that is operable to translate messages generated by
unmanned vehicle control system 14 into a protocol suitable
for communication with vehicle simulator 16. Using this
configuration, the vehicle simulator 16 may be operable to
simulate the performance characteristics of an actual
unmanned vehicle with unmanned vehicle control system 14.

The vehicle simulator 16 may be any suitable computer
executable program that is configured to receive control mes-
sages and simulate movement of an actual unmanned vehicle
in response to these messages. In one embodiment, vehicle
simulator 16 is a commercially available off-the-shelf
(COTS) product configured with a number of vehicle models
for relatively accurate simulation of various types of actual
vehicles. In one embodiment, vehicle simulator 16 is a Flight-
Gear computer executable program, which is freely available
using a General Public license (GPL). The FlightGear execut-
able program enables remote control of simulated vehicles
through an Ethernet port using a telnet protocol. In one
embodiment, this Ethernet port may be coupled to the simu-
lator vehicle specific module 12 for transmission and receipt
of messages using the telnet protocol.

The commercially available off-the-shelf vehicle simulator
16 may provide models that simulate behavior of an actual
unmanned vehicle in a relatively realistic manner. In one
embodiment, each of these models may be modified in order
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to further enhance the accuracy of simulation. A vehicle
model may generally refer to a group of run-time variables
that are stored in a memory and accessed by one or more
simulation algorithms in the vehicle simulator 16. The
vehicle simulator 16 may use these run-time variables for
simulation of various performance characteristics of a par-
ticular vehicle. For example, one vehicle model may include
a maximum thrust rating of a jet engine configured on a
particular aircraft. During simulation, this maximum thrust
rating may be used to provide relatively accurate simulation
of'various differing performance characteristics of the aircraft
such as, climb rate, take-off speed, maximum cruise speed,
and the like. In one embodiment, the run-time variables of a
particular vehicle model may be editable so that the vehicle
model may be tailored to simulate one particular type of
unmanned vehicle in a relatively accurate manner.

Certain embodiments incorporating a commercially avail-
able off-the-shelf product may provide an advantage in that
costs for simulated testing of new unmanned vehicles with an
existing unmanned vehicle control system 14 may be
reduced. Development of dedicated simulation tools for each
new unmanned vehicle implemented in an existing unmanned
vehicle control system 14 may be relatively high. In one
respect, this may be due to relatively complex algorithms that
simulate unmanned vehicles in various types of environ-
ments. The commercially available off-the-shelf vehicle
simulator 16 therefore, may provide a reduction in costs by
alleviating dedicated software development of vehicle mod-
els and associated computer executed algorithms that execute
these models on a computer.

The simulator vehicle specific module 12 may be imple-
mented with a processor executing computer instructions
stored in a memory. In the particular embodiment shown,
simulator vehicle specific module 12 may be coupled to an
unmanned vehicle control system 14 that is in turn, coupled to
a number of other vehicle specific modules (not specifically
shown) through network 18. In this configuration, simulation
of'a new unmanned vehicle may be tested for interoperability
with a number of other unmanned vehicles simultaneously
with unmanned vehicle control system 14.

The simulator vehicle specific module 12 may enable com-
munication of various types of messages, such as control
messages that control movement of the simulated unmanned
vehicle between unmanned vehicle control system 14 and
vehicle simulator 16. These control messages may include
requests to change direction, change speed, and/or may
include geospatial information, such as global positioning
system (GPS) coordinates that instruct the simulated
unmanned vehicle to proceed to a specified location. These
control messages may also include requests to control other
peripheral devices configured on the simulated unmanned
vehicle, such as armament, cameras, or other surveillance
devices.

The simulator vehicle specific module 12 may provide
translation of messages that originate at the vehicle simulator
16 and destined for the unmanned vehicle control system 14.
Messages generated by the vehicle simulator 16 may include,
for example, telemetry information, or graphical information
of the simulated vehicle’s environment, such as video infor-
mation provided by one or more cameras. Telemetry infor-
mation generated by the vehicle simulator 16 may include
information regarding the status of the simulated unmanned
vehicle, such as fuel level or other measurements of the ambi-
ent environment, such as temperature, wind speed, wind
direction, or humidity.

In one embodiment, the simulator vehicle specific module
12 may include a storage medium 22 for storage of messages
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4

transmitted between the simulator vehicle specific module 12
and vehicle simulator 16. Following a simulated mission of a
particular simulated unmanned vehicle, the messages stored
in storage medium 22 may be analyzed to determine if proper
messages and responses to these messages were translated
through the simulator vehicle specific module 12. Storage
medium 22 may be any suitable type of memory for storage of
messages in computer readable format and may include any
one or combination of memory elements, such as random
access memory (RAM), tape, compact disc read only
memory (CD-ROM), disk, diskette, cartridge, or the like. In
one embodiment, storage medium 22 may include a logfile
that sequentially stores each message transferred through the
simulator vehicle specific module 12. In this manner, the
timing of messages and their response messages may also be
analyzed for proper operation.

FIG. 2 shows another embodiment of an unmanned vehicle
simulation system 50 that may be implemented for simulation
of unmanned vehicles. Unmanned vehicle simulation system
50 includes a unmanned vehicle control system 52, a network
54, and a vehicle simulator 56 that is similar in design and
purpose to unmanned vehicle control system 14, network 18,
and vehicle simulator 16 of FIG. 1, respectively. Unmanned
vehicle simulation system 50 differs from unmanned vehicle
simulation system 10 of FIG. 1, however, in that a simulator
translator 58 is provided for translating messages from a
native vehicle specific module 60 into a protocol suitable for
communication with the vehicle simulator 56 and vice-versa.
In this manner, proper operation of native vehicle specific
module 60 may be verified for proper operation with the
unmanned vehicle control system 52. Native vehicle specific
module 60 generally refers to a type of vehicle specific mod-
ule that is configured to enable communication of unmanned
vehicle control system 52 with an actual unmanned vehicle.

The simulator translator 58 may be implemented with a
processor executing computer instructions stored in a
memory. In one embodiment, the simulator translator 58 may
communicate with the vehicle simulator 56 using an Ethernet
link utilizing a telnet protocol. The simulator translator 58
may enable communication of various types of messages
between unmanned vehicle control system 52 and vehicle
simulator 56 in a manner similar to the simulator vehicle
specific module 12 of FIG. 1.

The native vehicle specific module 60 may provide any
number of services for enabling control of an actual
unmanned vehicle using unmanned vehicle control system
52. These services may include, for example, translation of
messages common to the unmanned vehicle control system
52 and unmanned vehicle as well as translation of messages
that may be unique to the unmanned vehicle. As such, the
native vehicle specific module 60 may benefit from simulated
testing prior to testing with an actual unmanned vehicle.

The unmanned vehicle native link 62 may include any
portion of the communication path used to communicate with
its associated actual unmanned vehicle. For example, the
simulator translator 58 may be configured to transmit and
receive messages from the native vehicle specific module 60
using a radio-frequency (RF) portion of the unmanned
vehicle native link 62. In another example, the simulator
translator 58 may be configured to transmit and receive mes-
sages from the native vehicle specific module 60 using inter-
nal system calls configured within the operating system of the
native vehicle specific module 60.

FIG. 3 shows one embodiment of a series of actions that
may be performed by simulator translator 20 or 58 for simu-
lating operation of an unmanned vehicle using an unmanned
vehicle simulation system 10 or 50. In act 100, the simulation
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process is initiated. The simulation process may be initiated
by coupling the simulator translator between unmanned
vehicle control system 14 or 52 and vehicle simulator 16 or
56, applying electrical power to the unmanned vehicle control
system 14 or 52, vehicle simulator 16 or 56, and simulator
translator 20 or 58, and executing any pertinent bootstrapping
operations to each of the same.

In act 102, the simulator translator 20 or 58 may receive a
message from the unmanned vehicle control system 14 or 52.
This message may incorporate any suitable protocol for com-
municating with an unmanned vehicle 14 or 52. In one
embodiment, the message is a STANdardization AGreement
4586 compliant message. The message may include informa-
tion for administering control or retrieving information from
the unmanned vehicle. In one embodiment, the message may
include a desired action for the unmanned vehicle to perform,
or may include a request for telemetry information from the
simulated unmanned vehicle.

In act 104, the simulator translator 20 or 58 may translate
the message into a modified message having a protocol suit-
able for use by the vehicle simulator 16 or 56. In one embodi-
ment, the simulator translator 20 or 58 may translate a single
message into a number of messages suitable for use by
vehicle simulator 16 or 56. In another embodiment, simulator
translator 20 or 58 may translate a number of messages from
theunmanned vehicle control system 14 into a single message
suitable for use by the vehicle simulator 16 or 56.

In act 106, the simulator translator 20 or 58 may transmit
the modified message to the unmanned vehicle simulator 16
or 56. Given this modified message, the vehicle simulator 16
or 56 may take an appropriate simulated action according to
information provided in the vehicle model.

The previously described series of actions 102 through 106
may be repeated for each message transmitted from the
unmanned vehicle control system 14 to the vehicle simulator
16 or 56. The simulator translator 20 or 58 may also translate
messages originating from the vehicle simulator 16 or 56 to
the unmanned vehicle control system 14 in a similar manner
as described above. Once simulation of the unmanned vehicle
using the simulator translator 20 or 58 is no longer needed or
desired, the simulator translator 20 or 58 may be halted in act
108.

Several embodiments of an unmanned vehicle message
simulation system 10 or 50 have been described that may
enable simulation of an unmanned vehicle using a vehicle
simulator 16 or 56. The unmanned vehicle message simula-
tion system 10 or 50 may incorporate a commercially avail-
able off-the-shelf (COTS) product, such as the FlightGear
simulator that is freely available through a General Public
license (GPL). The unmanned vehicle simulation system 10
or 50 may provide simulated testing for integration of new
unmanned vehicles with an existing unmanned vehicle con-
trol system 14 or may enable testing of native vehicle specific
modules 60 that are configured to administer control of actual
unmanned vehicles.

Although the present disclosure has been described with
several embodiments, a myriad of changes, variations, alter-
ations, transformations, and modifications may be suggested
to one skilled in the art, and it is intended that the present
disclosure encompass such changes, variations, alterations,
transformations, and modifications as they fall within the
scope of the appended claims.

What is claimed is:

1. Code embodied in a non-transitory computer readable
storage medium, operable, when executed by a computer, to:

receive at least one first message having a first protocol

from an unmanned vehicle control system that is oper-
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6

able to control movement of an unmanned vehicle, the at
least one first message comprising a command for a
specified movement of the unmanned vehicle;
translate the at least one first message to at least one second
message having a second protocol suitable for use by a
vehicle simulator that is operable to simulate movement
of the unmanned vehicle, the at least one second mes-
sage comprising a command for a simulated movement
of the unmanned vehicle corresponding to the move-
ment of the unmanned vehicle specified by the com-
mand of the at least one first message; and
transmit the at least one second message to the vehicle
simulator to simulate movement of the unmanned
vehicle corresponding to the movement of the
unmanned vehicle specified by the command of the at
least one first message.
2. The code of claim 1, wherein the computer is a vehicle
specific module that is operable to translate messages gener-
ated by the unmanned vehicle control system into a third
protocol suitable for communication with the unmanned
vehicle.
3. The code of claim 1, wherein the computer is coupled to
the unmanned vehicle control system through an unmanned
vehicle native link of a wvehicle specific module, the
unmanned vehicle native link comprising at least a portion of
a communication path used to communicate with the
unmanned vehicle.
4. The code of claim 1, further operable to receive at least
one third message having the second protocol from the
vehicle simulator, translate the at least one third message to at
least one fourth message having the first protocol, and trans-
mit the at least one fourth message to the unmanned vehicle
control system.
5. The code of claim 1, wherein the code is further oper-
able, when executed by the computer, to determine whether
the first control message is to be transmitted to the unmanned
vehicle, based on a received input.
6. The code of claim 1, wherein the first protocol is a
STANdardization AGreement (STANAG) 4586 protocol.
7. The code of claim 1, wherein the command of the at least
one first message comprises one or more of:
a command to change direction;
a command to change speed; and
a command to move to a specified location.
8. The code of claim 1, wherein the vehicle simulator is
operable to simulate operation of the unmanned vehicle using
a vehicle model having a plurality of editable run-time vari-
ables.
9. An unmanned vehicle simulation system comprising:
a simulator translator coupled between an unmanned
vehicle control system that is operable to control move-
ment of an unmanned vehicle and a vehicle simulator
that is operable to simulate movement of the unmanned
vehicle, the simulator translator operable to:
receive at least one first message having a first protocol
suitable for use by the unmanned vehicle, the at least
one first message received from an unmanned vehicle
control system, the at least one first message compris-
ing a command for a specified movement of the
unmanned vehicle;

translate the at least one first message having the first
protocol to at least one second message having a
second protocol suitable for use by a vehicle simula-
tor, the at least one second message comprising a
command for a simulated movement of the unmanned
vehicle corresponding to the movement of the
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unmanned vehicle specified by the command of the at
least one first message; and

transmit the at least one second message to the vehicle
simulator to simulate movement of the unmanned
vehicle corresponding to the movement of the
unmanned vehicle specified by the command of the at
least one first message.

10. The unmanned vehicle simulation system of claim 9,
wherein the simulator translator is configured in a vehicle
specific module, the vehicle specific module being operable
to translate messages generated by the unmanned vehicle
control system into a third protocol suitable for communica-
tion with the unmanned vehicle.

11. The unmanned vehicle simulation system of claim 9,
wherein the simulator translator is coupled to the unmanned
vehicle control system through an unmanned vehicle native
link of a vehicle specific module, the unmanned vehicle
native link comprising at least a portion of a communication
path used to communicate with the unmanned vehicle.

12. The unmanned vehicle simulation system of claim 9,
wherein the simulator translator is further operable to receive
atleast one third message having the second protocol from the
vehicle simulator, translate the at least one third message to at
least one fourth message having the first protocol, and trans-
mit the at least one fourth message to the unmanned vehicle
control system.

13. The unmanned vehicle simulation system of claim 12,
wherein the at least one third message includes telemetry
information.

14. The unmanned vehicle simulation system of claim 9,
wherein the command of the at least one first message com-
prises one or more of:

a command to change direction;

a command to change speed; and

a command to move to a specified location.

15. The unmanned vehicle simulation system of claim 9,
wherein the first protocol is a STANdardization AGreement
(STANAG) 4586 protocol.
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16. The unmanned vehicle simulation system of claim 9,
wherein the vehicle simulator is operable to simulate opera-
tion of the unmanned vehicle using a vehicle model having a
plurality of editable run-time variables.
17. A method comprising:
receiving at least one first message having a first protocol
from an unmanned vehicle control system that is oper-
able to control movement of an unmanned vehicle, the at
least one first message comprising a command for a
specified movement of the unmanned vehicle;

translating the at least one first message to at least one
second message having a second protocol suitable for
use by a vehicle simulator that is operable to simulate
movement of the unmanned vehicle, the at least one
second message comprising a command for a simulated
movement of the unmanned vehicle corresponding to
the movement of the unmanned vehicle specified by the
command of the at least one first message; and

transmitting the at least one second message to the vehicle
simulator to simulate movement of the unmanned
vehicle corresponding to the movement of the
unmanned vehicle specified by the command of the at
least one first message.

18. The method of claim 17, further comprising receiving
atleast one third message having the second protocol from the
vehicle simulator, translate the at least one third message to at
least one fourth message having the first protocol, and trans-
mit the at least one fourth message to the unmanned vehicle
control system.

19. The method of claim 17, wherein the command of the
at least one first message comprises one or more of:

a command to change direction;

a command to change speed; and

a command to move to a specified location.

20. The method of claim 17, wherein the vehicle simulator
simulates operation of the unmanned vehicle using a vehicle
model having a plurality of editable run-time variables.
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